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In this chapter, you will learn:

* About the extended entity relationship (EER) model’s
main constructs

* How entity clusters are used to represent multiple
entities and relationships

* The characteristics of good primary keys and how to
select them

* How to use flexible solutions for special data modeling
cases

* What issues to check for when developing data models
based on EER diagrams
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The Extended Entity Relationship Model

* Result of adding more semantic constructs to
original entity relationship (ER) model

* Diagram using this model is called an EER diagram
(EERD)
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Entity Supertypes and Subtypes

* Entity supertype
— Generic entity type that is related to one or more
entity subtypes

— Contains common characteristics

* Entity subtypes

— Contains unique characteristics of each entity subtype
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Entity Supertypes and Subtypes (continued)
Nulls created by unique attributes

EMP_RATINGS EMP_ EMP_HIRE_

DATE

Kolmycz Xavier 15-Mar-88
101 Lewis Marcos ATP SEL/MEL/Instr/CFII 1 25-Apr-89
102 | Vandam Jean 20-Dec-93
103 | Jones Victoria | R 28-Aug-03
104 | Lange Edith ATP SEL/MEL/Instr 1 20-Oct-97
105 | Willlams Gabriel | U COM SEL/MEL/Instr/CFI 2 08-Nov-97
106 | Duzak Mario COM SEL/MEL/Instr 2 05-Jan-04
107 | Diante Venite L 02-Jul-97
108 | Wiesenbach | Joni 18-Nov-95
109 | Travis Brett T COM SEL/MEL/SES/Instr/CFIl | 1 14-Apr-01

Genkazi Stan 01-Dec-03
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Specialization Hierarchy

* Depicts arrangement of higher-level entity supertypes
(parent entities) and lower-level entity subtypes (child
entities)

* Relationships sometimes described in terms of “IS-A”
relationships

* Subtype can exist only within context of supertype and
every subtype can have only one supertype to which it is
directly related

* Can have many levels of supertype/subtype relationships




DATABASE SYSTEMS: Design Implementation and Management (Roy', COURSE TECHNOLOGY
Coronel & Crockett 9781844807321) 1% CENGAGE Learning'

Specialization Hierarchy (continued)
m A specialization hierarchy

Employee supertype
EMPLOYEE Inherited relationship DEPENDENT
: ; : EMP_NUM {PK}
Attributes inherited by all [0 Ve has %ﬁl’h’t‘"{l{’g}x} {FK1}

subtypes DPNT_FNAME

1.1 0.1 DPNT_LNAME
DPNT_RELATION

I

Discriminator is emp_type == " emp_type {OR, Optional} (== Participation and disjoint constraints
- OR isan example ofa dlsjoint constraint
>  Optional is an example of a participation

constraint
PIL_LICENCE -
& ACT_TITLE i i
ﬂt:.}"‘e’éﬁ‘%ie bl — <::a Attributes unique to subtypes

NI/

Subtypes
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Specialization Hierarchy (continued)

* Support attribute inheritance

* Define special supertype attribute known as
subtype discriminator

* Define disjoint/overlapping constraints and
complete/partial constraints




DATABASE SYSTEMS: Design Implementation and Management (Roy', COURSE TECHNOLOGY
Coronel & Crockett 9781844807321) i~ CENGAGE Learning’

Inheritance

* Enables entity subtype to inherit attributes and
relationships of supertype

* All entity subtypes inherit their primary key
attribute from their supertype

* At implementation level, supertype and its
subtype(s) depicted in specialization hierarchy
maintain a |:| relationship
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Inheritance (continued)
m The EMPLOYEE-PILOT supertype-subtype relationship

Table name: EMPLOYEE

'EMP_INITIAL EMP_HIRE_DATE

100 Kolmycz Xavier T 15-Mar-88

101 Lewis Marcos 25-Apr-89 P
102 Vandam Jean 20-Dec-93 A
103 Jones Victoria R 28-Aug-03

104 Lange Edith 20-Oct-97 P
105 Williams Gabriel U 08-Nov-97 P
106 Duzak Mario 05-Jan-04 P
107 Diante Venite L 02-Jul-97 M
108 Wiesenbach Joni 18-Nov-95 M
109 Travis Brett L 14-Apr-01 P
110 Genkazi Stan 01-Dec-03 A

Table name: PILOT

~ PIL_MED_TYPE

EMP_NUM PIL_LICENCE

101 ATP SEL/MEL/Instr/CFII 1
104 ATP SEL/MEL/Instr 1
105 CcCOM SEL/MEL/Instr/CFI 2
106 COM SEL/MEL/Instr 2

SEL/MEL/SES/Instr/CFIl | 1




DATABASE SYSTEMS: Design Implementation and Management (Roy', COURSE TECHNOLOGY
Coronel & Crockett 9781844807321) i~ CENGAGE Learning’

Subtype Discriminator

* The attribute in supertype entity that determines
to which entity subtype each supertype
occurrence is related

* The default comparison condition for subtype
discriminator attribute is equality comparison
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Disjoint and Overlapping Constraints

* Disjoint subtypes
— Also known as non-overlapping subtypes

— Subtypes that contain unique subset of supertype
entity set

* Overlapping subtypes

— Subtypes that contain nonunique subsets of supertype
entity set
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Disjoint and Overlapping Constraints (cont)
m Specialization hierarchy with overlapping subtypes

P_ID (PK)
P_LNAME
P_FNAME

{AND.Mandatory} AP person_type

|[EMP_HIRE_DATE STU_MAJOR

{AND,Optional) éﬁ {OR,Mandatory} % student_type

employee type

ADM_TITLE LECT_RANK |GRAD_THESIS UND_HOURS
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Disjoint and Overlapping Constraints (cont)

1IN Discriminator attributes with overlapping subtypes

Discriminator Attributes Comment

Lecturer Administrator

Y N The Employee Is a member of the Lecturer subtype.

N Y The Employee is a member of the Administrator subtype.

Y Y The Employee Is both a Lecturer and an Administrator.
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Completeness Constraint

* Specifies whether each entity supertype
occurrence must also be member of at least one
subtype

* Can be partial or total
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Completeness Constraint (continued)

1.1 A Specialization hierarchy constraint scenarios

Disjoint Constraint {OR} Overlapping Constraint {AND}
Partial Supertype has optional subtypes. Supertype has optional subtypes.
{Optional} Subtype discriminator can be null. Subtype discriminators can be null.
Subtype sets are unique. Subtype sets are not unique.
Total Every supertype instance Is a member of a (at | Every supertype Instance is a member of a (at
{Mandatory} | least one) subtype. least one) subtype.
Subtype discriminator cannot be null. Subtype discriminators cannot be null.
Subtype sets are unique. Subtype sets are not unique.
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Specialization and Generalization

* Specialization
— Top-down process of identifying lower-level, more

specific entity subtypes from higher-level entity
supertype

— Based on grouping unique characteristics and
relationships of the subtypes
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Specialization and Generalization
(continued)

 Generalization

— Bottom-up process of identifying higher-level, more
generic entity supertype from lower-level entity
subtypes

— Based on grouping common characteristics and
relationships of the subtypes
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Composition and Aggregation

* Aggregation
— a larger entity can be composed of smaller entities.
* Composition

— special case of aggregation

— when the parent entity instance is deleted, all child
entity instances are automatically deleted.
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Composition and Aggregation (continued)

TABLE 6.3 Aggregations and compositions I

UML Construct UML Symbol Description

Aggregation <> This type of association represents a ‘part_of’ or ‘has_a’ type of
relationship (that is, an entity that is formed as a collection of other
entity). An aggregation indicates that the dependent (child) entity
instance has an optional association with the strong (parent) entity
instance. When the parent entity instance is deleted, the child
entity instances are not deleted. The aggregation association is
represented by an empty diamond in the side of the parent entity.

Composition <> This type of association represents a special case of the
aggregation association. A composition indicates that a dependent
(child) entity instance has a mandatory association with a strong
(parent) entity instance. When the parent entity instance is deleted,
all child entity instances are automatically deleted. The
composition association is represented with a filled diamond in the
side of the parent object instance. This is the equivalent of a weak
entity in the ER model.
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Using Aggregation and Composition

* An aggregation construct is used when an entity is
composed of (or is formed by) a collection of other
entities, but the entities are independent of each other.

— the relationship can be classifi ed as a ‘has_a’ relationship type.

* A composition construct is used when two entities are

associated in an aggregation association with a strong
identifying relationship.

— deleting the parent deletes the children instances.
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Aggregation and Composition
m Aggregation and composition

Aggregation
I OWNER ___CAR
OWNER_ID ) CAR_VIN
OWNER_FNAME dis_owned_by CAR_YEAR
OWNER_LNAME K> CAR_BRAND
OWNER_INIT 1.1 o~ CAR_MODEL
OWNER_DRIVER_LIC - OWNER_ID

Deleting an OWNER parent instance does not delete all related CAR children instances. ]j

Composition

INVOICE INV_NUMBER
INV_NUMBER contains » LINE_NUMBER
INV_DATE < P_CODE
CUS_CODE 1 g LINE_UNITS

LINE_PRICE
I

Deleting an INVOICE parent instance delectes all related LINE children instances. ﬁ
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Entity Clustering

* A “virtual” entity type used to represent multiple entities
and relationships in ERD

» Considered “virtual”’ or “abstract” because it is not
actually an entity in final ERD

* Temporary entity used to represent multiple entities and
relationships

* Eliminate undesirable consequences

— Avoid display of attributes when entity clusters are used

.' .l i -
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Entity Clustering (continued)

FIGURE 6.6 Tiny Univer sity ERD using entity clusters

— — e «E Samn o

omE.

z_wieln s
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Natural Keys and Primary Keys

* Natural key or natural identifier is a real-world,
generally accepted identifier used to uniquely
identify real-world objects

* Data modeler uses natural identifier as primary
key of entity being modeled
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Primary Key Guidelines

* Attribute or combination of attributes that
uniquely identifies entity instances in an entity set

* Main function is to uniquely identify an entity
instance or row within a table

* Guarantee entity integrity, not to “describe” the
entity
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Primary Key Guidelines (continued)

TABLE 6.4 Desirable primary key characteristics

PK Characteristic  Ratlonale

Unique values The PK must uniquely identify each entity instance. A primary key must be able to
guarantee unique values. It cannot contain nulls.
Nonintelligent The PK should not have embedded semantic meaning. An attribute with embedded

semantic meaning is probably better used as a descnptive characteristic of the entity rather
than as an identffier. In other words, a student ID of 650973 would be preferred over Smith,
Martha L. as a primary key identffier.

No change over If an attribute has semantic meaning, it may be subject to updates. This is why names do
time not make good pnmary keys. If you have Vickie Smith as the primary key, what happens
when she gets married? If a primary key is subject to change, the foreign key values must
be updated, thus adding to the database work load. Furthermore, changing a pnmary key
value means that you are basically changing the identity of an entity.

Preferably single- A primary key should have the minimum number of attributes possible. Single-attribute
attnbute pnmary keys are desirable but not required. Single-attribute primary keys simplify the
implementation of foreign keys. Having multiple-attribute primary keys can cause primary
keys of related entities to grow through the possible addition of many attributes, thus
adding to the database work load and making (application) coding more cumbersome.
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Primary Key Guidelines (continued)

| PK Characteristic  Ratlonale

Preferably numenc | Unique values can be better managed when they are numenic because the database can
use internal routines to implement a counter-style attribute that automatically increments
values with the addtion of each new row. In fact, most database systems include the ability
to use special constructs, such as Autonumber in MS Access, to support self-incrementing
primary key attributes.

Security complaint | The selected primary key must not be composed of any attribute(s) that might be
considered a security risk or violation. For example, using a social security number as a PK
in an EMPLOYEE table is not a good idea.
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When to Use Composite Primary Keys

* Useful as identifiers of composite entities, where
each primary key combination is allowed only
once in ** relationship

— Automatically provides benefit of ensuring that there
cannot be duplicate values
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When to Use Composite Primary Keys (cont)

2“1 A The *:* relationship between STUDENT and CLASS

i8_writien_in » CLASS_CODE {PK} {FK1} is_found in » ICLASS_CODE {PK}
STU_NUM {PK} {FK2} _CODE
1.1 0, A Em0L=GRﬁDE 0. L] 1.1 G.ASS=SEC“0N
Table name: STUDENT
'STUNUM STU LNAME STU_FNAME STU_INIT

321452 Bowser William C
324257 Smithson Anne K
324258 Brewer Juliette

324269 Oblonsk Walter H
324273 Smith John D
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When to Use Composite Primary Keys (cont)

STU_NUM STU_LNAME STU FNAME STU_INIT
324274 Katinga Raphael P
324291 Robernson Gerald AT
I24200 Smith John B
Tabls name: ENROL
CLASS CODE STU_NUM ENROL_GRAD
10014 321452 C
10014 324257 B
10018 321452 A
10018 324257 B
10021 321452 C
10021 324257 C
Tabls name: CLASS
CLASS_CODE CRS_CODE CLASS SECTIO
10012 ACCT-211 1
10013 ACCT-211 =
10014 ACCT-211 3
10015 ACCT-212 1
10016 ACCT-212 2
10017 CisS-==0 1
10018 CIS-=2=20 2
10019 Cis-==0 3
10020 CiS-a20 1
10021 QM-251 1
10022 QM-2651 2
10023 QmM-as2 1
10024 QM-as2> 2
10025 MATH-2a43 1
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When to Use Composite Primary Keys
(continued)

o Useful as identifiers of weak entities, where weak
entity has strong identifying relationship with
parent entity

— Normally used to represent:

* A real-world object that is existent dependent on another
real-world object

* A real-world object that is represented in data model as two
separate entities in strong identifying relationship
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When To Use Surrogate Primary Keys

» Especially helpful when there is:
— No natural key
— Selected candidate key has embedded semantic contents

— Selected candidate key is too long or cumbersome

* If you use surrogate key, ensure that candidate key of
entity in question performs properly through use of
“unique index” and “not null” constraints
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When To Use Surrogate Primary Keys

(continued)
TABLE 6.5 Data used to keep track of events

Date Time_Start Time_End Room Event Name Party Of
17/0807 | 1100AM 200PM Allure Burton Wedding

17/0807 | 1100AM 200PM Bonanza Adams Offics 12
17/0807 | 3:00PM 520PM Allure Smith Family 15
17/0807 | 3:30PM 5230PM Bonanza Adams Offics 12
18/0807 | 1:00PM 300PM Bonanza Scouts 33
18/0607 | 11:00AM 200PM Allure March of Dimes 25
18/0607 | 1100AM 12:30PM Bonanza Smith Family 12




DATABASE SYSTEMS: Design Implementation and Management (Roy', COURSE TECHNOLOGY
Coronel & Crockett 9781844807321) i~ CENGAGE Learning’

Design Case #1:
Implementing |:1 Relationships

* Foreign keys work with primary keys to properly
implement relationships in relational model

* Put primary key of the “one” side (parent entity)
on the “many” side (dependent entity) as foreign
key

* A I:l relationship is used to ensure that two
entity sets are not placed in same table
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Design Case #1|: Implementing
|:1 Relationships (continued)

1L 1R Selection of foreign key in a 1:1 relationship

Case ER Relationship Constraints  Action
| Ona side is mandatory andtha | Placa tha PK of tha antity on tha mendatory side in the entity on

cther sidk is optiondl. the optional sidk as a FK and make the FK mandatory.
I Both sidee are optional, Select the FK that causee the fewest number of nulls or place the
FK in the entity in which tha (relationship) rok is played.
1] Both sides are mandatory. See Case |l or consider revising your model 1o ensure that the two

entites do not belong togather in a single entity,
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Design Case #1|: Implementing
|:1 Relationships (continued)

(712 30 I A 1:1 relation ship between DEPARTMENT and EMPLOYEE

A One-to-One (1:1) HOIIUC‘\&NF An EMPLOYEE manages 2e10 of
one DEPARTMENT, each DEPARTMENT Is managed by one

EMPLOYEE

Menages )
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Design Case #2:
Maintaining History of Time-Variant Data

* Time-variant data refers to data whose values
change over time and for which you must keep a
history of data changes




DATABASE SYSTEMS: Design Implementation and Management (Roy', COURSE TECHNOLOGY
Coronel & Crockett 9781844807321) 1% CENGAGE Learning'

Design Case #2: Maintaining
History of Time-Variant Data (continued)

2(C1 R Maintaining manager history

EMP_NUM (PK) manages » DEPT_ID (PK)
Current Data EMP_LNAME PT_NAME
EMP_FNAME w 0.1 MP_NUM {FK1)
1.1 1.9
EMP MGR HIST - -
MGR_HIST e DEPT_MGR_HIST
1 1 [EMP_NUM (PK}FK 1)} )
Historic Data k EPT 1D (PK) (FK2)
0.+ |DATE_ASSIGN (PK)
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Design Case #2: Maintaining
History of Time-Variant Data (continued)

FIGURE 6.10 Maintaining job history
0.* <« employs
— \ 1.1
EMP_NUM {PK)
EMP_LNAME "DEPARTMENT
Current Data EMP_FNAME DEPT ID P10
EMP_INITIAL « manages DEPT—&g‘E}
EMP_E_MAIL N
DEFEIDKIR| 14 0.1 |DATE ASSIGN
JOB_CODE ' : =
DATE_ASSIGN
[EMP_SALARY
| 1.1
1.1
EMP_NUM {PKHFK1} . DEPT_JOB_HIST
. : P HIST 3 _J0B_
Historic Data  SMP-Q8.HIS DEPT_ID (PK} (FK2) | °
DATE_ASSIGN {PK)
o _CODE
© |EMP_SALARY
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Design Case #3: Fan Traps

* Design trap occurs when relationship is
improperly or incompletely identified

* Most common design trap is known as fan trap

* Fan trap occurs when having one entity in two |:*
relationships to other entities

— Thus producing an association among other entities that
is not expressed in model
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Design Case #3: Fan Traps (continued)

21N [ncorrect ERD with fan trap problem

Fan trap due to misidentification of relationships

TEAM ID {PK} DIVISION PLAYER ID {PK}
TEAM NAME ———— DV ID{PK} |_ PLAYER NAME

DIVID {FK1} | ¢+ » DIV_NAME 11 o+ [DV.ID {FKi}
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Design Case #4:
Redundant Relationships

* Redundancy is seldom a good thing in database
environment

* Occur when there are multiple relationship paths
between related entities

* Main concern is that redundant relationships
remain consistent across model
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Design Case #4:

Redundant Relationships (continued)
m Corrected ERD after removal of the fan trap

Fan trap eliminated by proper identification of relationships

DIVISION TEAM _ID {PK} PLAYER_ID {PK}
DIV_ID {PK} —{TEAM_NAME PLAYER_NAME
DIV_NAME e o.» [DIV_ID {FK1} 4.1 0.+ [|TEAM_ID {FK1}

| i ' Club Brugge Stockholm
U-18 = — Ajax FC - ME‘::"" J
- n
/ Kucok
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Design Case #4:
Redundant Relationships (continued)

2 IRk A redundant relationship

0.*
|y
= PLAYER
DIVISION TEAM 10 (P10 PLAYER_ID {PK)
NI TEAN. NAVE TEAMLIO X1}
i 1.1 0. PNIOFKD | 4.1 0.*  |DIV_ID (FK2)
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Data Modeling Checklist

TABLE 6.7 Data modelling checklist

BUSINESS RULES
I Properly document and venfy all business rules with the end users.

I Ensure that all business rules are written precisely, clearly and simply. The business rules must help identify
entities, attributes, relationships and constraints.

1 Identify the source of all business rules and ensure that each business rule is accompanied by the reason for its
existence and by the date and person(s) responsible for the business rule's verffication and approval.

DATA MODELLING

Naming Conventions: All names should be limited in length (database-dependent size).

I Entity names:
¢ Should be nouns that are familiar to business and should be short and meaningful
¢ Should include abbreviations, synonyms and aliases for each entity
¢ Should be unique within the model
» For composite entities, may include a combination of abbreviated names of the entities linked
through the composite entity
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Data Modeling Checklist (continued)

M Amtribute nemes:
® Should b= uniqus within the entity
Should use the entity abbreviation or prefix
Should be descriptive of the characteristic
Should use suffixes such as _ID, _NUM or _CODE for tha PK attribute
Should not be a reserved word
Should not contain spaces or special characters ssuxch as @, ! or &
m Rslationship names:
© Should b= active or passive verbs that clearly indicate the nature of the relationship
Entities:
m ANl entities should represent a single subject
m ANl entities should be in 3NF or highsee
m Th= granularity of the entity instancs is clsarly defined
The PK is clearly defined and supports the selected data granulanty

BN NN

Axtributes:

W Should be simple and single-velued (atomic data)

Should indude default valuss, constrants, synonyms and aliases

 Dernved astributes should be clarly identified and includs source(s)

W Should not be redundant, unless they are required for ransaction accuracy or for meaintaining a history or aere
used as a foreign key

Relationships:

Should clearly identify relationship particpants

m Should clearly define paricipation and cardinality rulss

ER Diagram:

Should be validated againet expaectad procassas: inserns, updates and deletes
Should evaluate wheare, when, and how to maintain a history

W Should not contain redundant relatonships except as required (ses attributas)
Should mnimize data redundancy to enswe single-place updates
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Summary

* Extended entity relationship (EER) model adds
semantics to ER model via entity supertypes,
subtypes, and clusters

* Specialization hierarchy depicts arrangement and
relationships between entity supertypes and
entity subtypes

* Inheritance allows an entity subtype to inherit
attributes and relationships of supertype
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Summary (continued)

I”

* Entity cluster is “virtual” entity type used to

represent multiple entities and relationships in
ERD

* Natural keys are identifiers that exist in real
world

* Composite keys are useful to represent *:*
relationships and weak (strong-identifying) entities
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Summary (continued)

* Surrogate primary keys are useful when there is no
natural key that makes a suitable primary key

* Ina I:| relationship, place the PK of mandatory entity
as foreign key in optional entity

* Time-variant data refers to data whose values change
over time and whose requirements mandate that you
keep a history of data changes
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Summary (continued)

* Fan trap occurs when you have one entity in two
| * relationships to other entities and there is an
association among the other entities that is not
expressed in model

* Data modeling checklist provides way for
designer to check that the ERD meets set of
minimum requirements




